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Comittoe  Koport 


IB  rooant  y*>ra 


almost  unlimited 


by  the  diroot  catalytic  air  oxidation1  of  bho  corresponding  olsfin  hy- 
drocarbons. Ihs  profarrod  oabaiyab  is  metallic  silver,  and  bha  reao- 
bion  suitably  is  oarriad  oub  ab  a temperature  ranging  f roc.  200°  bo  400°  C. 

Ethans  oxids  and  subsbibutsd  abhana  oxides  rsaob  readily  with  com- 
pounds containing  certain  types  of  reaotlTs  hydrogen,  yielding  hydroxy - 
ethyl-  and  substituted  hydroxyathyl-  derlTmtlTOSi 

«*,  a g-H  - 
OHj  “ a OHjR 

The  olass  of  oca  pounds  n-H  lnoludes  acids,  alcohols,  water,  ammonia 
and  amines.  Reaction  with  hydroxyl  hydrogen  is  effectively  Inhibited 
by  a basio  nediun,  and  high  yields  of  ebhanolaalnsa  nay  be  obtained; 


i,  duo  to  the  preferential  reaction  with  amine 


hydrogen,  eater  or 


Rain  and  Pollard  (0,  10,  11)  have  synthesised  certain  substituted  pi  pur- 


gations have  been  snde  on  the  reaotlons  of  plperaslne  with  certain  eth- 
ane oxides;  those  will  be  reviewed  later. 

^Ks search  on  the  synthesis  of  ethane  oxide  by  the  catalytic  oxidation 
of  ethane  la  contained  mainly  in  the  patent  literature  (24,  46,  48,  55, 
86,  87,  68,  88,  87,  104.  Ul). 


m 


It  i*  the  purpose  of  the  present  investigation  to  provide  eoonomio 
oaoo  of  piperaslne  and  substituted  pipernslnes  by  the  use  of  eth- 
ane oxide  and  substituted  ethane  oxides  as  intermediates,  and  to  fur- 


Thus,  the  application  of  ethane  oxides  to  syntheses  In  the  pi para - 
sine  series  has  two  phases.  Ons  of  these  is  the  synthesis  of  the  pl- 
peraslne  ring  itself.  Syntheaie  by  the  following  route  was  investi- 
gated! 

■t?'”*  + ?h2'  o ► Vs  „ *29  '™2  , „ „ 

HgC  CHg'  U20  CflgOH  H20s  Clig  T “2“ 

“z  *Hj  *H 

In  addition  to  an  ethane  oxide,  a required  starting  snterlal  la  eth- 
ane diamine  or  a substituted  ethane  diamine,  e.  g.,  propane  diamine. 
These  are  available  from  auoh  fundamental  starting  natsrlals  as  nat- 
ural gas  (propane),  air  (nitrogen),  water  (hydrogen)  end  salt  (ehlor- 
lne  end  sodium  hydroxide),  1.  e. , ethane,  ohlorine,  ammonia  and  sodium 
hydroxidei 

A Mg  Cl,  GHgCl  MH3_  QBgHBg 

*■  Mg  CHjOl  CS2101J 

amine  la  snhaneed  by  the  regent  availability  of  nitroparafflns,  obtain- 


Corp.),  1,2-dlamln 


obtainable  by  the  following  a arias  of 


Hi  tro  paraffin 
ohloronl troparoffinj 


hydroxide 


Chloronitroparaffln  *-  nitroparaffin  <-  oodlum  hydroxida 
_ dl nitroparaffin,  ahioh  on  raduotlon  ylaldo  tho  oorreaponding 
diaadnoparaffin.  For  axamplei 


CHjCHjHOj  + HaOB  CHgOH-  CHjCll(Cl)H02  + HaCi 

nitroabhano  sodium  salt  of  1-ohloronitro- 

nltroothano  at  liana 

+■  QHjCBlOljHOj— - HaCl  f CHj?  — 9OH5  OHjp— CCHg 

2,5-dlnltro-  2,3-diomino- 


Illuatratira  of  tha  diamines  available  from  tho  thraa  nltropar- 
affina  (nitroethana,  1-nitropropana,  and  2-nltropropana)  ara  tha 
following i 2,3-diamlnobutane,  3,4-diamlnohexane,  2,3-dlemlno-2,3- 
dimothylbutana,  2,3-dianinopantano,  oto, 

Thua,  it  may  bs  assn  that  tha  abors  ganaral  mothod  for  tha  eynthe- 
aia  of  tha  plpsrasina  ring  opana  a routs  to  an  almost  unlimited  number 
of  C-aubstitutod  piparaalnaa. 

the  aeoond  phase  of  tha  present  lnraatlgatlon  la  the  raaotion  of 
an  ethane  oxide  with  tha  plparaaine  ring  itself,  this  raaotion  oan 

M l_l  g'?4«  i , l-W-06 

V & V'  & ~C~S~  W S* 
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Thaaa  aminos  loohola  are 


ful  oosi pounds. 


starting  mats 


Synthesis  of  Pipsraslr 


1.  review  of  tho  Literature 


Pips resins,  first  prepared  in  18H  (41),  hss  boon  tho  subjoot  of 
a largo  rolumo  of  rssoaroh  In  tho  slghty-nlna  years  It  hss  boon  known. 
Humorous  uses  hays  boon  developed  for  pipsraslno  and  plpoiaslns  deriv- 
atives. Dss  la  aads  of  pipsraslno  as  a rsagsnt  for  preparing  solid 
dsrlTatlTss  of  fatty  aalda  for  ldsntlfloatlon  purposes  (106)i  tho  pi- 
ps rosins  salts  of  tho  fatty  sold,  hays  sharp  malting  points  shlsh  era 
oharastarlstls.  Of  tho  nine  patents  rotating  to  produots  dsrlysd  from 
pi  pars  sine  which  hays  boon  granted  within  tho  past  fifteen  years,  six 
(40,  SI,  TO,  106,  us,  1ZS)  rotate  to  medloinalsi  one  (ISO)  to  a series 

Inhibitor i and  ana  (19)  to  a series  of  emulsifying  and  wotting  agents, 
Medebaoh  and  Helgand  (IS)  suggest  the  use  of  plperaslne  In  msulelona. 

1 potential  use  of  pipsraslno  which  may  soon  utilise  millions  of 
pounds  of  plporaxlno  per  year  Is  as  a seuroe  of  the  pyraslns  ring  for 
tho  synthesis  of  milfapyraslno.  Tho  methods  of  pyraslns  synthesis  are 
unsatisfactory  In  general,  and  It  may  bo  ueoessary  to  resort  to  oatalyt- 
lo  dehydrogenation  of  plpcratlnos  as  the  souroo  of  pyraslnos.  Sulfa- 
pyraslna  was  synthesised  In  1941  by  hlllngson  (49)|  tho  rsoont  pre- 
liminary report  by  Buegseggor  and  oo-workars  (Ul)  upon  the  pharmaeo- 
logleal  aotlon  of  sulfa  pyraslns  lndloatos  that  this  addition  to  tho 


family  of  sulfanilamide  drugs  will  booome  of  wide  appUoatlan  In  pnau- 


mooli  thorapy. 


Since  tho  Initial  synthesis  of  plporulno,  numerous  methods  for 
monufooturlng  plporulno  have  boon  published.  nevertheless,  up  to  tho 
tlrno  tho  prooont  Investigation  mu  otortod,  thoro  wero  no  published 
method!  for  tho  synthesis  of  plporulno  uhiah  wore  eoanomdaally  foulblo. 
Consequently  plporulno  hot  remained  high  In  prloo,  sometimes  not  being 
available  on  tho  market.  At  the  prooont  time  thoro  is  no  plporulno  on 
tho  market.  Komarar,  to  tho  aurprloo  of  tho  author,  within  tho  fow 

ban  appeared  all  patents  (31,  33,  S3,  SI,  140,  141)  routing  to  thru 
different  prooooooo  for  tho  oomaerolal  production  of  plporulno.  in 
addition  a patent  application  hue  boon  filed  In  tho  United  States  pat- 
ent Oftloe  baaed  upon  tho  process  mhloh  Is  described  In  tho  pages  to 


Piperaslne  was  first  obtained  by  Clala  (41)  In  Investigating  the 
roaotlon  of  aloohollo  amronla  with  ethane  ohlorido  and  athane  brood  do  i 


. *<w . 

BrCHjCHyBr  CfljCHj7  CHjCH^' 


latanson  (103)  apparently  obtained  a traoo  of  plporulno  by  tho  treat- 

investigated  by  Hofmann  (66).  However,  this  roaotlon  Is  of  llttla  value 
for  tho  synthesis  of  plporulno,  for  plporulno  la  only  a minor  product! 
various  0 thane  polyaminos,  auoh  as  ethane  diamine,  diethene  triamino, 
and  tri ethane  tatramlno  ore  formed  In  the  same  process  (ST).  A variant 
Slobor  (189).  who  pre- 


synthesis  of  plporaslno  by 


pared  It  by  raaotlon  of  ethane  diamine  and 
OllTerlo  (122)  raeontly  hart  daiorlbad  an  1 


BrCHjCHjBr  a ‘OHgBBj  'CEjOHj 


TUo  most  widely  and  prooeee  of  thie  typo  wee  tht  one  developed 
in  1881  by  Bleohlor  (14).  bleohler  applied  the  known  reaotlan,  the 
alkwll  hydrolyalo  of  nltron-aubititated  arylaminee.  to  tho  preparation 
of  plperaiine  by  apllttlng  I, 8 ■ -bla-( p.nI trooophonyl ) -pi porailno  with 
aloohollo  petal alum  hydroxide: 


. «w , ^ s „o£*V>. 

BrCH2CH2Br  a CBgCH^  Mc'  C^CHg' 


■sfc  «o«  * , »<->-• 

— 'aa-aa.'  — 


The  intermediate  dlnltroeo-  oonpound  had  boon  prepared  prewloualy  by 
Korley  (101)  through  treatment  of  I, b'-dlphanylpi porailno  with  « odium 
nitrite  and  dilute  hydroohlorlo  acid.  Sodium  oar  donate  wee  need  aa  a 


Various  German  patsnts  relating  to  this  proooss  have  boon  Issued. 
One  or  these  (28)  utilises  distillation  with  alooholio  potassium  hy- 
droxide or  heating  Kith  an  alkaline  earth  hydroxide  in  a olosed  vessel, 
and  another  (87).  boiling  with  dilute  alkali  as  the  method  of  hydrolysis 
of  the  dinltroso  oompound.  A third  prooese  (88)  describes  the  prepara- 
tion of  plperatlno  by  the  gradual  introduction  of  an  alkaline  solution 
of  sodium  nitrite  and  8,«'-bls-(3-hydroxyphenyl)-piperaslne  into  10;i 
B01  eith  cooling,  followed  by  hydrolysis. 

Uorsra  (loo)  describes  a procedure  for  whleh  good  results  are 
elaimed,  using  aniline  and  ethane  bromide  boiled  together  for  three 
hours i the  base  is  liberated  with  soda  and  extracted  with  bensane. 
the  extract  is  distilled  to  remove  bensane,  them  vacuum  dlstillodi 
the  produet  is  nltroslfied  with  HCl-Hali02-ioo  and  finally  is  hydro- 
lysed with  sodium  hydroxide  solution. 

In  a recent  article  Senna  and  Oil verlo  (122)  described  a shortened 
process  utilising  alkylation  of  p-nitrosoaniline  with  ethane  bromide. 
The  p-nltrosophenol  obtained  upon  hydrolysis  oould  be  reconverted  to 
p-ni  trosoanl  lino  • 

the  hydrolysis  of  aromatlo  nltroso  derivatives  is  greatly  facil- 
itated by  treatment  with  sodium  blaulflto  or  some  other  fora  of  sulfur 
dioxide,  aooording  to  one  patent  (27).  Sulfonic  sold  derivatives  are 
formed  which  readily  rearrange  with  loss  of  the  amino  group.  A patent 
Issued  to  Volkaann  (12,  188)  applied  this  method  to  the  hydrolysis  of 
S,Xl-bis-(p-nitrosophanyl)-plporaslne.  Pratt  and  Toung  gave  details  of 
an  improved  synthesis  of  pi  para  sine  from  aniline  and  ethane  bromide, 
which  utilised  the  sodium  bisulfite  hydrolysis  (112).  One 


prooess  (26) 


yielded  piperazine  by  treating  eulfonlo  eelde  of  nltroelfled  diphenyl 
plperailn.  with  alkali.  A patent  laaued  to  kajert  (18,  94)  etated  that 
a eulfonle  aold,  preferably  a polyeulfonlo  aold,  of  a diaryl  plperulno 
oould  be  hydrolyaed  by  alkali  to  yield  plperaalne.  Uuoherer  (80)  re- 
ported that  a small  yield  of  plperaalne  eat  obtained  by  aulfonatlon  of 
B.l'-dl-  -naphthylpl peraal no  with  aulfurlo  aold  monohydrato  and  treat- 
**t  of  the  eulfonlo  aold  with  hleulflte  In  aodlum  hydroxide  aolutlon 
In  a sealed  tube  at  140-180°. 

Other  aryl-aubatltuted  plpermalnee  hare  been  hydrolyaed  with  the 
formation  of  plporaalne.  1 , 4-Di  benaylpl peraalne,  prepared  by  Oabrlel 
and  8telaner  (ST)  by  heating  p -bromethyl  banaylamlne  with  exoeaa  alkali, 
way  be  split  by  naans  of  10£  hydroohlorlo  aold  at  100°  («8).  Kajort 
(»*)  hat  prepared  plperaalne  by  hydrolysis  of  serious  aryl-dl substituted 
plporaalnea  by  aieans  of  alkaU  and  eteaa-dl stilling  the  plperaalne  Into 
an  aold,  -j-  or  p -dlnaphthylplperaslne  may  be  hydrolysed  by  heating 
with  aoids  or  with  a solution  of  oalelum  ohlorlde  or  sins  ohlorlde  at 
260°  (56), 

The  aryl  groups  of  a dlsrylpl peraalne  nay  be  ramoTed  by  aaans  other 
than  hydrolyalt.  1,1 '-bls-(p-amlnophanyl). plperaalne  suspended  In  dilute 
eulfurio  aold  yielded  plperaalne  by  treatment  with  aodlia  dlehronate  (52)  | 
the  anlnophenyl  groups  wore  oxidised. 

Another  method  of  plperaslne  synthesis  luralwes  the  alkylation  of 


dlarylsulfonyl  plperaslne  i 


dlhallde,  followed  by  hydrolysis  of  the 


^BOjiOfc  * BrCHj0B2Br  * HgioeoO’’^  O sOjrf^^oso <T^> 

BrCilgCHgBr  'OHgOfla 

— O • * *w»0 

thle  preoeae  woe  patented  by  Mfirkwald  In  169!  (66).  The  hydrolyele  any 
be  carried  out  by  autoolawlng  with  dilute  an  Id  at  200-260°  (Sl)i  by 
■•ana  of  eons,  eulfurio  aold  In  an  open  Teeael  at  180-200°  (31)i  by  the 
gradual  Introduction  of  aodlun  Into  a boiling  anyl  alcohol  auaponelon 
of  the  eulfonaaide,  followed  by  etean  dlatlllatlan  (88)|  or  by  heating 
the  dlbenaanoaulfonylplperaalna  with  ohloroaulfonlo  aold  at  about  180° 
and  pouring  the  salt  Into  water  (89).  Tinawar  (186)  gaww  direct  Iona 
for  a proooaa  baaed  upon  toluane  eulfonaaide,  the  lnteruodlato  dl-p- 
toluaneaulfonyl  plperailna  hawing  been  hydrolyaed  with  eulfurio  aold. 

Other  alx-eioubered  rlnga  containing  nitrogen  In  the  1-  and  4- 
poaltlona  nay  be  reduoed  to  plperaalne.  The  reduction  of  2,8-dlkoto- 
plperaalne  waa  aoocespllahed  by  aeana  of  sine  duet  and  aquooua-aloohollc 
aodlun  hydroxide  and  by  reduction  In  anhydroua  anyl  aloohol  aolutlon 
with  aodlun  (29).  Abderhaldan  and  oo-workera  (1)  lnweatl gated  the  re- 
duction of  2,6-dlketoplporaalne,  glyolne  anhydride,  with  warloua  agenta, 
lnoludlng  alno  In  aeetlo  aold,  alno  plua  hydroohlorlo  aold,  Dewarda'a 
alloy  plua  dilute  alkali,  aodlun  and  aloohol,  and  oalolun  and  water  In 
tho  proaenoe  of  oar  bon  dioxide.  They  found  eleetrolytle  reduction,  ua- 
lng  norcury  eleogrodee,  to  be  leaa  aatlefaotory  than  tho  other  method  a 
tried.  Howewer,  WTede,  Bruoh  and  loll  (145)  report  that  eleotrolytlo 


the  oyollo  laotln  to  pip  era- 


Kuioroua  diroot  alkylation  method ■ hove  boen  attempted  whloh  ellsd- 
»t»  the  noaoeelty  of  forming  u Intermediate  requiring  hydrolyele,  se 

nltrosodiarylplperailne  or  ■ dlorylsulfonylpiporetlno.  The  apeneo, 
lobor,  nnd  low  yiolde  ettendent  with  proooeeoo  In  whloh  Intermediates 
•ro  formed  ore  obvious.  The  hydrolyele  whloh  le  requlrod  In  euoh  proo- 
oeeoe  make  It  noooieary  to  oonoantrato  Mil  amount • of  plporaelne  from 
largo  Tolunoe  of  reaotlon  mixture,  ueually  by  steam  distillation  Into 
an  aold  and  evaporation  of  the  distillate  to  dryness  to  recover  the 
plporaelne  salt.  An  sarly  patsnt  (80)  dosorlbed  the  synthesis  of  plper- 
aelno  by  heating  at  860-800°  sodium  glyoollato  with  an  sold  derivative 
of  ethylene  diamine,  suitably  »,»'-dlaootylethene  dleadne.  The  basis  of 
another  process  (54)  was  the  heating  of  sodium  oca. pounds  of  dlaoyletheno 
diamines  with  anhydrous  glysol  or  ethono  bromide  at  800°,  by  refluxing 

Oarolll  and  haoolu  (68)  stated  that  a 90*  yield  of  plperaslne  may 
be  obtained  by  dehydrating  ethanolamlne  with  an  oxoess  of  90)C  sulfurio 

U. 


ptpcm 


aold,  heating  at  80-140°  for  a abort  tine. 

Calderwood  (118)  were  enable  to  obtain  any 

A patent  granted  reoently  to  Oroaberg  (88)  deaorlbed  the  ayntheala 
of  plperaalne  by  beating  ethane  dlaalae  mtb  an  eater  of  the  type 
HOCHjCHjM,  auoh  aa  ethane  glyool  monoaoetate,  by  heating  In  the  range 
200°  to  500°,  eultably  for  teen ty-f our  houre.  A oondenaatlon  oatalyat 
auoh  aa  tine  ohlorldo  oould  be  added. 

The  reaatlona  ehlah  lnvolTe  the  alkylation  of  an  amino  with  an 

of  plperaalne.  Aa  long  ago  aa  1888  Indenburg  (82)  and  Abel  (88)  pre- 
pared plperaalne  by  heating  Hie  hydroohlorlde  of  ethane  dlanlnei 

. r A ,.,eH2CH2l,  „ . 

2 Cl  .HjHCHjCBjWIs.CI"  Cl  .Hj»v  lBg.Cl*  + 2 lj,.Cl 

CHgCflg 

llofmann  (68),  lnroatl gating  the  reaotlon  further,  found  that  the  hydro- 
ohlorlde of  plperaalne  readily  la  formed  by  heating  the  hydroohlorlde 
of  dl ethane  trl amine  or  of  trlethene  totramlnej  the  other  produot  eao 
ammonium  ohlorldo.  Ethane  diamine  hydroohlorlde  alao  yielded  plperaalne, 
but  not  with  the  earn  oaao.  Reoently  fflleon  (140,  141)  and  the  Carbide 
and  Carbon  Chaaloala  Corporation  (21,  22)  hare  been  granted  Amerlean  and 
foreign  petenta  on  thia  proeeaa.  Dlethone  trl  amine  and  one  of  lta 
hydrohalldea  nee  heated  under  proaeuro  to  at  laaat  220°,  and  plperaalne 


by  dlatllle 


fitly  the  only 


chloride  la  the  reaction  mixture  of  dietheoe  trlemlne  and  hydrogen 
ehlorlde. 

The  process  of  lyrldee  (SI)  erne  the  splitting  at  eanoBla  from 
dl  ethane  trlemlne  by  a eatalytlo  neons,  with  for**  cl  on  of  plpersilne. 
The  reaetant  «as  heated  at  200-800*  for  twenty-four  hours  In  the  p ros- 
so so  of  the  oatalytt,  ehloh  oould  be  roduoed  nlskel  or  platinum,  oobalt, 
oopper,  etc.,  in  finely  dltldsd  condition.  It  nee  olal-od  that  any 
other  polyethane  polyamlne  or  s thane  diamine  oould  be  Med.  Tlelde  of 
80S  were  alaiaodi  but  it  has  boon  found  In  aetual  praatloe  that  a yield 
not  higher  than  S6j(  should  he  expected. 

The  experimental  work  In  the  pages  to  follex,  upon  the  synthesis 
at  plpereaines  by  eatalytlo  dehydration  of  hydroxys thyl  sthane  diamines, 
la  the  beats  of  a patent  applleatlsn  (108),  rheas  experiments  ears 
serried  out  in  liquid  phase. 


8.  The  eatalytlo  Alkylation  kethod 

The  taper-phase  eatalytie  elkylutlon  at  aromatic  amines  with  alco- 
hols has  bean  let  as  ligated  by  kallhs  and  de  Sedan  (88),  by  Brown  and 
Held  (18).  and  by  Chaikin  sad  oo-workers  (188,  188).  Ugh  yields  are 
obtainable.  Effect  i to  catalysts  are  suitably  soil  rated  oxides  of  alumi- 
num, titanium,  thorium,  add  Iran,  and  allies  gel.  ahulkln  and  se-aork- 
ore  (18T)  hate  prepared  amines  by  ths  sliaultanoous  dehydration  of  etha- 
nol and  assents,  using  elualna  catalyst  and  temperatures  of  the  order 

800s  to  400°  0. 


phenethylemlne  by  the  alkylation  of  phanothylanino  with  bonayl  aloohol 
in  the  presence  of  palladium  oatalyat. 

aatlo  primary  and  eeoondery  amines  with  aloohols  by  the  use  of  oopper- 
ohromium  oxide  oatalyat  (64,  107,  124)  and  nlokel  eatalyata  (6,  124, 
142).  Bain  and  Pollard  (»,  10,  11)  hate  applied  this  method,  using  the 
former  oatalyst,  to  the  preparation  of  plperaslne  doriratlTes  frosi 
amines  and  amino-aleohola.  For  example,  diethanolamine  yielded 
BjB'-bie-tp  -hydroxyethyl)-plperaslne: 

ch2chz-oh  h(  ,ch2cb2v 


at  the  application  of  the  oatalytle  method  of  alkyl- 
loohols  to  the  synthesis  of  plperaslne  should  result 
method  of  synthesising  this  long-known  oompound. 


Though  many  methods  are  non  known,  almost  all  of  them  are  impraotioal 


carry  out  on  oonmeroial  soale  hate  numerous  diaad wantages . 


The  piperatlnes  prewlously  prepared  by  the  method  under  oonoldor- 


water  were  spilt  out.  Either  a diethanolamine  reacted  with  a primary 


HO-CHgCH/ 


i splitting  of  tiro  noleoules  of  aater. 


'H' 


--  , ,, - — « ■ , , ,»-B  ZH20 

'hw-9-4'  * 

It  Is  srldsnt  that  thsrs  srs  moi 
This  tendonoy  Is  reduoodi  and  thsrs  renains  only  ths  possibility  of 
linssr  polymer  Carnation  ss  s slds  reaotlon  shsn  ths  nitrogsn  atom 
alrsady  is  partially  substltutsd,  as  in  ths  rsaotlsn  in  shloh  H-oyolo- 
d 1,4-dloyolohexylplparaslnoi 

c*Bn-i,C?>-o«flii 1 a*0 

^HjOHjOH  OBjCHj 

tuv 

L °6“ll  °6“ll  Jx 

or,  shsn  ths  dehydration  reaction  is  applied  to  ths  synthesli 


f HOGHgCBgl  ' C^2°^2 i ( 


hOCU2CH2s 

+ ,K-Ch2CB2l.HCH2CH20h  , sto, 

HOCHjCEj 


atlgated  by 


(T«)  and 


In  comparing  the  respective  availabilities  of  hydroxyothyl  ethane  41- 
ealne  and  dlobhono  trlamlne  &■  otartlng  material*  for  tho  synthesis  of 
pi peraxlne.  Dlotheno  trlamlno  oannot  bo  prepared  In  essentially  100JC 

rently  with  othene  diamine  and  tho  nholo  aorlo*  of  polyothono  polyamlnea 


Equipusnt.—In  tho  proaont  lnTuatlgatlon  on  the  ayntheala  of 
plporaalno  two  aarlaa  of  experiment*  wore  oarriod  out,  both  a eta  of 


experiments  being  liquid-phase  reaotiona,  Tho  flrat  aorlea  waa  oarriod 


Tho  reaotlon  mixtures  war*  fraotionatod  by  diatillatlon  through  a 
fiftean-lnoh  ooluain  packed  with  glaoa  nauaohig  ring*  and  provided  with 
a Hopkins  typo  oondenaor.  The  oondenaer  waa  dealgnod  for  tho  distilla- 
tion of  aollda,  being  fitted  to  the  distillation  head  by  a standard 


deelred  to  scrap*  off  any  adhering  plporaalno.  Th*  oondenaor  waa  pro- 
vided with  an  off-aet  drip-point,  ao  that  tho  amount  of  reflux  oould  be 


regulated  a certain  amount  by  rotating  the  oondeneer  in  its  standard 


The 


aperiments  waa 


sing  an  admlxod 


for  a diluent.  The  flaak  was  fitted  with  the  aboTe-deaerlbed  distil- 
lation  column,  und  piperaxlno  and  water  wore  continuously  fractionated 
from  the  higher  boiling  reactant  while  the  products  wore  being  formed. 

heated  by  an  eleotrloal  heater  which  minimi  led  bumping  by  wren  heat 

type  of  heating  made  it  possible  to  a»old  super-heating  any  of  the 
contents  of  a diatillation  flaak  and  minimised  decomposition. 

experimental  procedure.— The  following  two  experiments  are  describ- 
ed In  detail,  to  exemplify  the  experimental  oondltlona  used  in  the  auto- 


P reparation  of  plperaslne  from  I-(p  -hydroxyethyl ) ethane  diamine, 
uelng  Haney  nlokel  oatalyet.— 86  grams  of  redistilled  Carbide  and  Carbon 
hydroxyethyl  ethane  diamine,  400  ml,  of  purified  dloxane,  and  between 
10  and  IS  grama  of  Haney  nlekel  oatalyet  were  oharged  into  the  autoolan. 
The  Haney  nickel  was  prepared  from  the  Haney  nlokel  alloy  by  the  pro- 
cedure of  Cowart  and  Adkins  (44).  The  high  heat  was  turned  on,  and  when 
the  temperature  readied  197°  (SiOS  n.),  shaking  was  started.  The  tem- 
perature ms  maintained  at  200s  ( 1 6°)  for  three  hours  (BiOS  PH.),  after 


separated  from  oatalyet  by  euotlon  filtration)  bomb  and  oatalyet  were 
The  solution  was  fractionally  distilled  through  the  short  Bausohig- 


ring  pooked  distillation  column.  At  tho  boginning  of  tho  dlotlllotion 


known  Identity.  Tho  boiling  point  then  rooo  to  87°a  tho  boiling  point 


over  in  tho  ocootroplo  Mixture,  tho  boiling  point  gradually  rooo  to 
102-103°,  whan  anhydrous  dloxano  distilled  oror.  After  420  ml.  of 
dloxano  (including  outer)  had  boon  oollootod,  tho  boiling  point  rapidly 
rooo  to  obout  140  . Tho  rooolTor  was  changed  and  36  grams  of  anhydrous 
plperaslne  oao  oollootod,  boiling  mainly  between  140°  and  160°,  Tho 


tho  distillation  hood  into 
product  to  solidify. 

Theoretical  yield  = 83 


Peroentage  yi.ld  = |§  x 100  = 81.4# 

Preparation  of  plperuelno  using  oopper-ohromlum  oxide  catalyst.-- 
Tho  autooloTo  mas  charged  with  82  grama  of  ■-(  -hydroxyethyl)  otheno 
dl amino,  380  ml.  of  dloxano,  20  gramo  of  oopper -chromium  oxide  oatalyot, 
and  nitrogen  gas  under  a pressure  of  800  lbs.  per  aq.  in.  Tho  oatalyot 
wee  prepared  aooordlng  to  the  directions  given  by  Adkins  (6),  using 


SUioa  gel. 


8-14*,  supplied  by 


111. 
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Barium  Oxide;  Mural1  e pur*  crude,  onhydroue 
Elmer  end  Amend  G.  P.  grade,  by  oaroful  heating. 

Iron  Reduoed  (by  Hydrogen)  i kallinokrodt  0.  B.  P.  grade. 

Palladium/)! erl Mi  10S  palladium  on  norlt  "P",  prepared  by  reduotlon 
or  palladium  ohlorlde  (6). 

Platinum/norit  i V/»  platinum  on  norlt  "P". 

Platlnum/Aabeatoa:  6>  platinised  aebeetoa,  Baker  Chem.  Co. 

Termleulltei  the  "exploded"  variety. 

variety  of  oatalyate  will  funotlon  aa  dehydration  oatalyata  in  ofl'ootlng 
oyolodohydration  of  I-lj3  -hydroxy ethy 1 ) ethane  diamine.  Material!  uhloh 
are  moat  likely  to  ahou  eatalytle  aetlelty  are  the  metala  of  group  111, 
of  group  Vlll  and  of  eub- group  B In  groupa  1 and  11  of  the  periodic 
table  and  their  oxldea,  and  the  oxldoa  of  the  olamonta  below  oar  bon  In 
group  n of  the  perlodlo  table.  The  oatalyata  preferably  are  uaod  In 
a finely  divided  form  and  may  be  depoalted  upon  a poroua  material  auoh 


Certain  of  the  oatalyata,  lnoludlng  Motivated  alumina  and  the 


allied  to  yield  oatalytle 


etalyata  o on tain 


temperature  of  300°  or  above.  In  the  exporlmont  with  activated  alumina 
(Table  I),  th.ro  m obtained  a 30*  yield  of  plparaalna,  and  M<  of 
tba  aborting  notarial  aaa  raooaarad  unohangad.  Thia  auggaata  that  a 
siaxlimm  yl  old  of  approzlnotaly  40  to  44S  may  ba  axpaotad.  Thla  ylald 
la  oonparabla  with  tha  ylald  obtalnad  ualng  ouprlo  oxide  at  275°,  In 
whloh  thara  waa  no  unohangad  starting  notarial. 

of  plperailna  whloh  ara  not  ddhydratlon  oatalyata,  ora  all  hydrogan- 
atlon  oatalyata  I ooppar-ohromlum  oxida,  Raney  nlokal,  palladium  on 
norlt,  iron  (raduoad),  and  ouprlo  oxida.  Platinum  bahavad  anomalously 
in  that  it  gavs  praotlsally  no  plparaalna.  Tha  oatalyata  of  tha  hydro- 
genatlon  typo  ara  sffsetlws  at  lowar  tamparaturos  than  ara  tha  oatalyata 
of  tha  dshydratlon  type.  Thus,  tho  optimum  uis  of  Eanay  nlokal  la  ae- 

350°  to  276°. 

Kffeot  of  dilution.— Thaorstlaally,  it  should  be  possible  to  se- 
eura  100  par  oent  yields  of  plparaalna  by  ualng  high  dilution.  Sinoa 

lnwolwing  more  molsoulaa  than  one  are  aids  rsaotlona  sad  ara  undsairable 
whan  plparaalna  la  tho  sought-after  produot.  liowevor,  it  la  impraotloal 
to  oarry  out  tha  reaction  under  high  dilution.  In  prmotloa,  a suitable 


rblng,  should 


of  rsaotlon.  Tho  diluent  olio  sene.  to  reduoe  tho  wlsooslty  of  tho 
roaotlon  mixture,  aiding  nanlpulatlcei  and  filtration  of  tho  oetulyet. 

boiling  point  of  101°,  to  readily  separable  frosi  Plpsraslns,  b,  p.  144°, 
by  fractional  distillation.  Dloxano  also  aots  as  a dehydrating  agent 
during  the  distillation,  fornlng  an  asootrops  of  b.  p.  87°  ohloh  oon- 

by  distillation  when  distilled  alone. 

Slightly  higher  yields  aero  obtained  when  a larger  proportion  of 
diluent  was  used.  The  highest  yield,  61.4*,  was  obtained  using  a IT. 6* 

a 49*  yield  of  plpsraslns  was  obtained.  Tho  dloxano  solution  used  con- 
tained 49*  of  reootant.  The  snslsma  praetioal  yield  obtainable  seems  to 

gffaot  of  pressure.— The  liquid-phase  catalytic  alkylations  of 


^Unpublished  data.  Organic  chemistry  Labor 


zed  la  plaoe  of  hydr 


used  la  too  experiments  of  Tobla  1.  la  tho  present  inTsstl ge tion,  It 

fouad  that  an  addod  gas  praaaura,  auoh  at  that  of  hydrogen  or  nltro- 


uaod,  tho  yield  of  piperazine  eaa  61. M of  the  thaoretloal.  m a ziai- 
lar  experiment  with  the  aaae  oatalyet  (Haney  nlofcel)  and  using  600  lbs. 


The  reaotant.  I-(  ^ -hydroxy* thy  1 ) ethene  diamine,  hae  a boiling  point  of 
238°)  this  should  bs  a suitable  reaotion  temperature  for  some  oatalysts. 


ALKYLATION  AT  ATU0SPHLH1C  PHH8SUHE 

hxp.  Catalyst  height  of  Height  of  Diluent  Keaotlon  Percentage 

No.  Catalyst  Amlno-aloo-  and  Height  Time  Yield  of 

(Orans)  hoi  (Orams)  (Grans)  (Hours)  Piperazine 

1.  Haney  niokol  6 160  •—  2d  32 

2.  Haney  niokol  6 160  “j|‘  12  34 


the  MM  oatalyet 


r Motion  icixturoa  with  th*  oatalyet | end  tho  approxinato  initial  reao- 
tlon  tonporature  for  experiment  Is.  1 wae  tho  balling  point  of  B-(f-hy- 
draxyothyl)  othono  diamine,  238°.  However,  in  roaotlon  Ko.  2,  diothyl 


plaao,  forming  produoto  of  hlgbar  nolooulor  aaighta. 

Tho  ylalda  of  plparaslna  were  eomewhat  loser  than  aaa  tho  oaaa 


require  oaroful  oontroli  thia  la  a problem  of  equipment  deal gn  and 
of  produotlon.  The  aim  of  thia  aorlea  of  oxperimenta  vaa  to  aaoertaln 


whether  or  not  the  oyollaatlon  would  take  plaoa  at  atmoapherlo  preaaure. 


oondltiona,  thia  ahould  prove  advantageoua,  ainoe  it  raduoea  the  ex- 
take plaoe.  The  yield  of  plperaalne  oan  be  reduoed  by  alkylation  of 


UU-Ca2Ca2KHCH2GU2Mi2  — *- 


CH  "^OH 

6h2  6h2 

? 

CH2CE2NHCH2Cli?>!i2 


mini  prosont  la  tho  hydrolyaia  of  the  oarbon-nl trogen  bond!  of  tho 


H-HH-K  ♦ H20  U»H2  + a-on 


lb  hno  boon  domonatrated  (11)  bhob  ouoh  o roooblon  sometime  takas 
plaoa  undor  alkylation  oondltiono. 


Proparablon  of  plporailno  at  abnoophorlo  prooouro.— 150  grama  of 
I-(  f'  -hydroryethyl ) obhono  d lamina  oao  rofluxod  with  6 grama  of  Kanoy 


or.  Tho  dloblllation  oao  Interrupted  after  2j  houra,  when  57  grama  of 


In  the  distillation  flask.  By  diluting  the  dletlllate  to  500  ml.  and 
titrating  a 50  ml.  portion  eith  0.1  normal  aoid  (bron phenol  blue  lndloa. 


a 52*  yi. 


Another  80  ml.  aliquot  mot  bonloylotod  by  treatment  with  10  grama 
of  aodium  hydroxide  and  adding  with  atlrrlng  20  grama  of  bonsoyl  Ohio- 

ethanol,  the  produot  haa  a malting  point  of  191.7-1B2.B0.  The  molting 
point  of  an  authontlo  aamplo  of  1,4-dlbonaoylplporaslno  waa  192.1- 
193.0° l mixed  m,  p.,  191.7-193.0°.  Part  of  the  produot  waa  a ohalky 
preolpltato  which  did  not  dlaaolwa  readily  In  athanol.  Thia  probably 
waa  a benaoyl  dorlTatiTo  of  aomo  of  the  atarting  notarial  proaont  in 
the  plperaxine  aa  an  impurity. 

Conolualoma.— Piperasine  may  be  eynthealsed  In  fifty  per  oent 
yield  by  agitating  fifteen  parte  of  b-(j3  -hydroxyethyl)  ethane  diamine 

nlakel  oatalyet,  for  three  houre  at  a temperature  of  200°.  After  fil- 
tration of  the  roeotion  mixture  from  the  oatalyet,  pure  anhydroue  pi- 
poraelno  readily  ie  obtained  by  fraotional  dietlllatlon. 

Other  oatalyate  may  be  uaodj  but  Eaney  niokel  probably  la  moot 

The  roeotion  may  bo  tarried  out  at  etmoepherio  preeeure  by  mod- 
ifying the  oonditlonai  auoh  a prooeea  giTea  eatlafaotory  ylelde  of 
piperaelne  when  oarrled  out  In  aultably  designed  equipment. 


pi  par* cine 


from  *-( p -hydroxyethyl ) ethane  diamine,  a readily  availabla  starting 
lta  oonmeroial  application  ahould  maka  piparaslna  a tonnage  ohaadoal 


method  and  tha  other  a reaction  at  aneoapherlo  proaaura. 

Daaa  of  piparaslna  are  dlaouasadi  and  a ration  of  the  development 
of  nathoda  of  piparaslna  synthesis  Is  given. 


riper#  lino 


lOlcll  (77) 


It  mi  aooortainod  by  Iran 
in  oaoo  1.  According  to  tho  rulo  of  Iraoulkil,  an  aoymmetrloally- 
oubotltutod  1,2-oxlde  oomblnoo  with  eanonla  to  fono  aalno-eloohole 
In  nhloh  tho  hydroxyl  lo  attaohod  to  tho  oarbon  atom  ah  1 oh , In  tho 

ylold  2-hydroxy-2-mothylpropylandne  exOBpllfleo  thlo  ruloi 


Tho  roaotlono  of  oortaln  o Ghana  oxldoo  with  plporaolna  hart  boon 
lnvoatlgatod.  In  1829  Xraauokll  and  Koeenko  (78)  oarrlad  out  reao- 
tlona  of  plporaolna  with  tho  oxides  of  2,2-dinothylothane  and  trlneth- 
ylothone.  Kuonor  (80)  obtained  an  aalno-aloohol  from  plporaolna  and 
looaafrolo  oxide.  Kraouakli  and  Pllyugln  (79)  lntorreaotod  plporaalno 
and  propane  oxide,  obtaining  the  dloubotltutod  product  l,4-bls-(p  -hy- 
droxyothyl  )plporaolno, 

CHjCh-fHj  + H-«  *-H  + CHj^CHQHj  * djCI-d^  ICBg-aCHg 

In  all  of  thoae  lnTsotlgatlona,  only  dloubotltutod  plperaolnes  aaro 
loolatod.  It  appoarod  that  nono-oubotl tutl on  ohould  bo  pooolbloi 

+ H-hCH2CH2N-H  f KCH-CH,ljGH2CH2|i.Ii 

V OBjCHg  tm  * vHgCHg 

falling  to  loolato  a nono-oubotl tutod  product,  Xraouakl  and  Xooonko, 
tho  Initial  lnrootlgatoro,  oonoluded  that  tho  roaotlon  prooooda  with 


•by  yielding  only 


However,  pourneau  and  Barrelet  (68)  soon  disproved  this  hypothesis. 
In  port  at  least,  by  obtaining  both  aono-  and  dlalkyloted  plperaslnes 
from  the  reaction  of  plperaslne  with  the  oxides  of  2-aethylbuteoe-l, 
3-butoxypropene-l,  3 -phenyl pro pen •- 1 , and  8-phenoxypropane-l  • A Prenoh 
patent  (ISO)  has  bean  granted  on  this  series  of  eaapounde. 

Certain  of  the  substituted  plperaslnes  prepared  by  Pourneau  and 

oompounda  with  looal  aneethetlo  properties  Pourneau  and  8esdahl  (64) 
prepared  two  series  of  disubstltuted  piperaslnss,  utilising  ethane 
oxides  as  alkylating  agents.  One  series  utilised  oxides  of  the  type 
HC(CHg  )CBgO  , with  a extending  from  propyl  through  heptylj  the  other 
series  was  darlwed  from  8-alkoxypropane-l  oxides,  aOcagCUCfigO  , the 
alkoxy  groups  ranging  from  propoxy  through  heptoxy. 

Adelson,  llaoDowell  and  Pollard  (4)  haws  obtained  l,4-bis-(g  -hy- 
droxy* thyljplperaslne  froa  the  reaotlon  of  plperaslne  with  ethane  oxide, 
Uousseron  (102)  has  synthesised  the  series  of  mono-  and  dlsubstl- 
tuted  plperaslnes  derlwsd  froa  the  oxides  of  oyolopentene,  oyolohexene, 
oyolohoptone,  oyoloSotono,  and  lndene. 

It  la  evident  that  the  alkylation  of  plperaslne  with  an  ethane 
oxide  la  of  great  Importance  as  a method  of  obtaining  mono-substituted 
plperaslne  derivatives,  these  have  bean  difficult  to  prepare,  la  ex- 
ample of  mono-substitution  of  plperaslne  was  the  eynthosle  by  Moore, 


Thorn  (99)  of  ethyl  plpernslno-oarboxylato  by 


aqueous  pipe  ratine  with  ethyl  ohlorooarbonato.  By  adjusting  the  pH 

0S  Clc^  %% 

4-o-CjHj 

This  me  used  further  to  oynthotlae  a eerlee  of  pi  paras  lues  substi- 
tuted only  in  the  1-position.  Howorer,  whan  plporaalne  ordinarily  la 
treated  with  reagents  suoh  aa  halo-oompounda,  the  nono-subatltuted 
pi peraslne  formed  as  an  intermediate  is  considerably  more  rsaotlwa 
than  pi  peraslne  itself,  and  only  1,4-dl  substituted  pipers  tine  oan  bo 
isolated  frosi  the  reaction  sdrture.  In  ths  case  of  rsaotlon  with 
ethyl  ohlorooarbonato,  only  dl substituted  product  is  obtained  when 
the  pH  of  the  pi  peraslne  solution  has  not  boon  adjusted  properly. 

Other  M-eumo-substltuted  plporaslnss  hnve  been  syntheslssd  by 
ring  closures  whioh  yielded  1-subtti  tutsd  pipe  ratines.  Outstanding 
was  the  synthesis  of  1-phenylpi peraslne  from  aniline  and  diethanol- 
amine by  Pollard  and  HaoDowell  (110). 


synthesising  l-(@  -hydroxyethyl ) pi  pera  s ine  . 

2.  to  synthesise  l-( -hydroxypropyljplperaslne,  which  Irasuskii 
end  Pilyugln  failed  to  obtain  in  tholr  investigation  of  tho  plporaslno- 

9.  to  synthesise  l-(  (4  -hydroxy- (4  -aethylpropyljplperasine,  whloh 
Krasuskli  and  Kosenko  oonoludod  wee  not  fornad  In  tho  reaction  of  piper- 
asine  with  2-methylpropono  oxide. 

4.  To  d«onstrate  that  tho  extant  of  nono -alky  let  Ion  of  plporatlno 


ethane  and  propone,  ae  noli  ao  with  the  hlgher-eioleouler  Height  oxides 
uaod  by  previous  investigators. 


by  dlotillatio 


distillation  at  roduood  proatura. 


3.  l-(p  -Hydroxyethyljpiporasine 


tlna  aaa  dissolved  In  2 U methanol  and  plaoad  in  a flask  proaldsd 
with  a reflux  oondanaer  and  an  Inlet  tube.  External  cooling  woe  pro- 
vided by  neane  of  a eatar  bath.  A bottle  containing  100  grams  (2.8 


io  the  Inlet  tube  by  rubber 
i°)  was  caused  to  distill  ll 


temperature  In  the  flask  remained  In  the  range  80°  to  48®.  The  reac- 
tion readily  was  controlled  by  regulating  the  rate  of  distillation  of 


The  mixture  eas  separated  Into  Its  components  by  fractional  dis- 
tillation. After  distillation  of  the  methsnol  approximately  64  grame 


of  plperaelne  eas  oolleoted.  The  residual  yelloe  oil  eas  distilled 
at  roduood  pressure  (Table  111). 


Pi.nja.aiMii- 


t'raotlon  Mo.  Bolling  Point Weight,  g 

1.  121°/l0  SB.  6.2 

2.  121-12S»A0  -a.  »8.8 

8.  128-124° /IO  mm.  8.0 


107  .0 


Tho  78  gnu  of  aolld  roalduo  mo  l,4-bla-(p  -hydroxyethylj  pi  pores  lne. 

Piperazine  (rooovory)i  54  g.,  27* 

l*(p  -Hydro  xyethyi ) piperazine : 107  g.,  0.82  solo,  38* 

l,4-Mt-(f  -Hydroxyothyl ) pipenzlne : 78  g.  0.48  nolo,  *ty, 

Bthono  oxide  reaotlon.  Mo.  2 . — A proaedure  similar  to  the  ebon 

(14  mice)  of  plporeiloa  dloeolTod  In  1 L.  of  warn  methanol  waa  roaotod 
at  80°  with  220  gnu  (6  moles)  of  ethane  oxide.  The  piperazine  re- 
oorery  wu  644  gnu  (8.8  ulea).  The  reoonry  of  pun  l-( p -hydroxy- 
ethyljplperailne  by  fraatlonal  dlatlllation  ia  auauriaod  in  Table  17. 

PlPmZIKg-ETlUOIK  QJCIDH  RKACTX0H 

Knot  ion  Ho.  Bolling  Point  Height  Cumulative  Height 


Piperazine  (Keeovery);  544  grana,  6.3  molosj  45 f, 

l-(p  -Hydroxyethyljplperazine:  498  grama,  5.8  moloai  tef. 

l,4-bis-(p -flydroxyethyljpiporazlno:  104  grama,  0.6  mole)  84*,. 

droxyothyl)plperaalno.--l-hydroxyethylpiporazine  contains  one  replaoe- 
iaothloeyanato  to  yield  l-(a-phenyl-thloaerbenyl}-4-(':-  -hydroxy* thyl )- 

o*jOw 

l-(p  -hydroxyethyl)plpe  ratine,  fortdng  a homogeneous  yellow  oil.  float 
tainod.  This  wat  dissolved  in  hot  abaoluta  ethanol.  The  white  oryo- 

rooryatallliwd  fro*  ethanol,  had  a molting  point  of  114.9-116.5°  (oorr.) 

Dihydroohlorido  of  l-()3  -hydroxywthyljpiporaaino.— The  dihydro- 
ohlorido  mo  prepared  by  adding  exooap  dilute  hydroohlorio  told  (brom- 
phenol  blue  indioator)  to  the  amino,  evaporating  to  a ayrup  on  the 

Tho  granular  crystalline  aolid  waa  filtered,  washed  on  tho  filter  with 


The  Bolting  poln 


g,  was  dried  in  eacuun  over  phosphorus  pentoxlde. 

nt  use  lea. 6-188. 8°  (oorr.)i  (lit..  >.  p.  182-189°  (118)). 
Analysis  (graeinetrlo  as  AgClJi 


Chlorine;  34.88* 


34.81* 


Plorate.— The  plorate  of  l-(^  -hydroxyethyl)plporaslne  sag  pre- 
pared by  nixing  aloohol  solutions  of  the  ajslno-aloohol  and  of  plorlo 
sold.  After  reorystel Illation  from  aqueous  aloohol  and  drying  In  a 
vaouum  over  phosphorus  pentoxlde.  It  salted  with  dooosi position  at  ea. 
246°  (oorr.)|  at  tanpsraturea  down  to  ea.  240°,  It  slowly  dooocposed 
without  nelting,  Ut.,  n.  p.  247-248°  (119). 


Physleal  st 
Ssplrloal  I 


sf  Properties  of  l-(^  -llydroxyothyl)plpwraslne. 

ate;  light  yellow  wlsoous  liquid  with  a slid  amine  odor. 


li0CH2CH2-rf 


holeoular  ivolght;  130.19 

Bolling  Point;  119.2°/l0  on.  (oorr.) 


ex;  ■**=1.80*9|  ■**=  1.5052, 

Ck n/a\  = 0.00084/  °0. 


KefraotiTO  Inds 


Sumary  of  Doriwatlwoa  of  1-(|3  -Hydroxyothyl)piponalno. 

Phony  lthlouroa i a.  p.  114.9-116.3°  (oorr.) 

Dlhydroohloridoi  a.  p.  188.6-189.6°  (oorr.)  (Ut.  188-188°  (115)). 
Pi  onto  i a.  p.  848°  (doo.)  (Ut..  a.  p.  847-848°  (113)). 
Chloroplotlnoto i doo.  848°  (Ut.  (US)). 

l-(p  -hydroxyothyl )pl  porailno , making  thin  lntorootlng  aono-aubatl- 
tutod  pi porailno  roadlly  aoallablo.  it  la  notooorthy  that  proriouo 
lnTootlgatora  haro  obtalnod  thla  aalno-aloohol  In  aaall  ylold  toy 
todloua  aynthotlo  aothodi.  It  haa  not  boon  ooaplotoly  doaorlbod 

It  oaa  obtalnod  by  Uooro.  Boylo  and  Thorn  (98)  by  tho  following 


T* 


HOChjCHj.h-ii 

'oh 


,CHaCHt 


",  dlhydroohlorlde  of 


hydroxyothyl  pi  pona  lno  . 


d lhydroohlorldo. 


tho  ehloroplatlnato. 


Prolog  and 


by  tho  following 


CH2CH2l  .CHjGH,, 

/-*(  »-H  * C2Hg-0-C2H.-OS02j(  — ' ^ B0H2GH2002H6 

ch2  CHj/  CHjCBj 

/ \ ^^<*2  30,  CHjCBj, 

XX  0:»-(  >»  ihjbbCBvOGoBs  u-b  MHeOBgOCeH. 

*'  N — ' ‘ch2ch2  ’cb2ch2 


pilgCHj, 

i-H  H-CH2GH2Br 

“t®! 


• chloroplatinate  (d.  248°) 


-0*2«2. 

H-K  Ii-ClipCu-OH 

'«VH 

iroohlorldo  (m.  p.  182-8°)  and 
sported. 

that  tha  preaant  investigation 


protldaa  a method  of  synthesising  this  almost  unknown  compound  by  a 
reaction  nhioh  is  easily  carried  out,  which  usos  easily  aval  lab Is 
starting  antorlala,  and  nhioh  gives  a high  yield  of  produot. 

The  by-produot  of  this  reaction,  l,4-bis-(p  -hydroxyothyl ) - 
piperaslno,  has  boon  prepared  previously  (4)  by  the  piperatine-ethene 
oxide  reaction.  The  molting  point  after  reorystalllsati on  from  abso- 


4.  l-(£  -Hydroxypropyl ) pi  peraslno 


funnel  to  the  piperaslno  (882.6  grama,  4.1  molos)  dissolved  in  2 L. 
methsnol.  86  grams  (1  mole)  of  piperaslno  was  reooverod  from  the 


by  distllUtlo 


(oorr.)  « 10 


(1.8  ml..). 


a yield  of  ««. 

The  roilduo,  286  grome  (1.12  moles)  of  enado  l,d>bla-(0 -hydroxy- 
propyl  )-piporoslno,  mo  the  produot  obtained  by  Xraauekli  and  Pllyugln 
(T9)  by  the  alkylation  of  plperaslne  with  propane  oxide.  The  Belting 
point  of  the  white  oryetalo  obtained  by  reoryetalllaatlon  from  hexene- 
aboolute  aloohol  me  118.7-117.9°  (oorr.)l  lit.,  116-116°  (79).  The 
pi  orate,  reoryetalllaed  from  aqueous  aloohol,  B.p.  oa.  266°  (dm.) 
(oorr.)i  U*„  b.  p.  228-60°  (79).  The  dlhydroohlorlde  me  prepared 
In  the  manner  doeoribed  on  page  68|  m.  p.  223.7-224.7°  (dee.)  (oorr.). 

Charm  atari  ration  of  l-(p  -hydroxypropyl)-plperaelne.— The  phenyl 
thiourea,  l-(X-phenyl  thlooarba«yl)-4-( J3  -hydroxypropylj-plperailne, 

me  prepared  by  eaeentially  the  lane  procedure  followed  In  preparing 
the  hydroxyothyl  derivative  (page  38).  The  Belting  point  of  the  ooft 
white  leaf-llke  orywtale  me  144.0-144.6°  (oorr.). 

Dlhydroohlorlde  of  l-(£>  -hydroxypropyl )-plparaalne. — 1-(  p-  -hy- 
droxypropyl)-plperatonlum  chloride  me  prepared  by  the  prooedure 
outlined  on  page  38|  the  Belting  point  me  oa.  237.3°  (dee.)  (oorr.). 

Analysis  (graelmetrlo  ee  AgCl)  i 


82.68* 


(oorr.) 


Suiurary  of  Proportie 
Phyaioal  sco to i light 


Emplrloal  formula i 


Bolling  Point i 


<o  of  l-(^  -Hydromypropyl)-plperatlne. 


106.B°/10  — . (oorr.) 


Summary  of  DarlvatlTaa  of  1-1  3 -Hydroxypropyl  )-plperailno . 
Phenylt hi ourae i a.  p.  144.0-144.6°  (oorr.) 

Dihydroohloridai  a.  p.  oo.  257.8°  (oorr.) 

Pi ora to i a.  p.  174.6-177.8°  (do*.)  (oorr.). 


Thla  nothod,  than,  afforda  a aatlafaotory  method  for  the  prepara- 
tion of  the  hitherto  unknoan  l-( p -hydroxypropylj-plperaxlne.  It  ia 


Coined  preTiouely  by  Kraauakll  and  Pllyugin  (79).  It  la  unnaoaaaary 
to  oarry  out  the  roaotion  in  a aoalad  tube,  aa  aaa  dona  by  thoao  au- 


plua  dlaubatltuted  produot 


praotloally 


6.  l-(  p -Hydroxy-  p -mebhylpropyl)-plperaslno. 
2-Uothylpropeno-l  oxido  roooblon,— 430  Qrnao  (4  mold)  of  plpern- 

solvodi  216  groin ■ (6  moloo)  of  2-®ebhylpropene-l  oxido  (loobubylene 
oxido)  0 lowly  woo  oddod  bo  bho  hob  oolubion  (70-60°)  with  frequonb 
ohoking.  Tho  oobhonol  woo  dioblllod  off}  bho  plporoiino  ond  bho  bwo 
solid  produobo  wero  ooporobod  by  dioblllobion  ond  rodloblllobion 
bhrough  o frooblonobing  oolumn.  Tho  following  froobiono  wore  ool- 
loobod  during  bho  firob  dioblllobion  i 

1.  B.  p.  up  bo  146°,  ITT  grams. 

2.  B.  p.  146-176°,  24  grains. 


Fraoblon  1.  woo  rodlsblllodi  ofbor  oollooblng  147  grams  no  plporasino, 

tillobion  woo  oorriod  on  ob  roduood  prooouro.  302  groins  of  whlbo 
oryobolUno  solid,  si,  p.  71-77°,  noodloo,  woo  oolloobod  ob  106-110° 
ob  o prooouro  of  npproxlmnbely  10  Tho  dioblllobion  rooiduo,  111 

The  dloblllobo,  302  groan  (1,62  moloo)  of  orudo  1 -(S  -hydroxy-^  - 
mebhylpropyl)-plperasine,  woo  rooryobolllsod  from  hexono.  Tho  aolblng 
polnb  of  bho  rooryobolllsod  produob  ofbor  drying  in  o roouum  doslooobor 


(0.48  nolo) 


p-aethylpropyl)-pipersslne,  na  the  product  obtained  by  Krasuskll 
and  Kosenko  (78)  by  the  aotlon  of  Isobutylene  oxide  on  plporaalno. 
the  molting  point  of  a sample  raorystalllxod  froa  hexana-abioluta 
alcohol  ns  101.5-102.6°  (oerr.)  (lit.,  102-102.6°  (78)). 


Charaot arise ti on  of  l-(^  -hydroxy-  /)-oethylpropyl)-plperaiine.~ 
The  phenylthiouroa,  l-(8-phsnyl  thlooarbanyl)-4-(  p -hydroxy-  f>  nethyl- 
propyl ) -piporaslno. 


o 


^H-OUj-O-CHj 


ns  prepared  by  adding  10  grans  of  phenyl  lsothlooyanate  (0.074  nolo) 
to  a slight  oxosss  (12.6  grans,  0.06  nolo)  of  1-(|S  -hydroxy-^  -nethyl- 
propyl )-plperasine  dissolred  in  80  nl.  of  nrn  absolute  eloohol.  The 

of  furry  orystals  separated  out.  The  netting  point  of  tho  dry  produet 
ns  128.3-126.8®  (so rr.).  After  roorystal)isatlon  fron  absolute  el- 
oohol and  drying  in  neuun  over  phosphorus  pentoxldo,  the  molting  point 


Tho  dlhydroohlsrlde  and  tho  plorate  nere  prepared  aooording  to 


tho  prosedures  used  preriously( pages  38  and  88).  The  dlhydroehlorlde 
aturos  somewhat  below  216°.  Morale,  a.  p.  267°  (des.)  (oorr.). 


Physioal  8 
Bnplrioal 


of  Properties  of  l-(p  -Hydroxy-  j3  -aothylpropyl)-piporasine. 
late;  whlto  crystals,  needles  or  prisms,  with  o slight  odor. 


P*2M2, 

« /-H 


Molooular  Height;  168.24 

Bolling  Point;  89.3°/3  mb.  (oorr.)|  86. l°/6.4  m.  (oorr.); 

106.0°/l0  an.  (oorr.) 

Molting  Point;  60.2-80.6°  (oorr.) 


8imary  of  Dorltmtiroo  of  l-(p  -Uydroxy-p  -methylpropylj-piperaslne. 
Phonylthlouroa;  m.  p.  128.3-129.6°  (oorr.) 

Olhydroohlorldo ; doo.  on.  215° 

Plormto;  n.  p.  267°  (dot.)  (oorr.) 

Tho  statement  of  Kraeuekli  end  Kotenko  (78)  that  tho  reaction  of 
plporaoino  with  isobutylene  oxide  doee  not  yield  a mono-alkylated  pi- 
ns tho  disubstltuted  produot  obtained  by  the  above  authors.  It  is 

ossds  readily  at  76-60°  In  a methanol  solution.  Tho  yield  of  tho  two 
produots  Is  almost  tho  theoretical  yield,  basod  upon  tho  weight  of 


olidlfy  In  the 


plporaslne  lands  to  to 
high  molting  point,  106-6°.  It  dooo  not  tond  to  beooae  auporooolod 
boforo  solidifying,  so  Is  tho  oaoo  with  many  solid  aaino-aloohols. 
However,  tho  high  Bolting  point  of  plporoslno  should  not  bo  partlo- 
ulorly  disadvantageous  In  oaHierolal  prsotlos,  when  there  only  would 
be  the  problaoi  of  design  of  suitable  condensation  apparatus. 

A study  of  the  ef  feot  of  exoeas  pipe  ratine  was  made  by  examining 
the  yields  of  products  in  the  experiments  carried  out  above.  The 
experiments  are  outlined  In  Table  V.  Table  VI  gives  some  of  the 


larger  a. 


the  graph  (figure  1) 


determine  the  yield  of 


tlkylatod  piporaalne 


will 


obtained  by  « piperatir 


Thus,  if  onw  dwslrww  95;.  aonxoroion  of  tiho  alkane  oxide  to  nono-al- 
kylotod  pipe  ratine,  fixe  xolea  of  piporwsine  ehould  bo  prooont  in 


HEACTI0S8  OP  PIPEHAZIHE  WITH  ALXENB  OXIDES 


KBACHOS8  OF  P1PEEAXINB  WITH  AUQSHE  OXIDES 
(Expressed  in  Moles) 


So.  Alkene  Oxide  Moles  of  Moles  of  Held  of  Held  of 
Deed  ripsreiine  Alkene  Oxide  Mono-Sab.  di-Sub. 

Deed  Used  Piperaxine  Pipemsino 


■8 


J 


fS 


EFFECT  OF  EXCESS  OF  FXPEBJUIHS 


with 


Uono-Alkylution  of 


Ethono  Diamine  ■ i th  Ethono  Oxides 


■biota  represent!  an  ImproTsment  OTer  the  prior  art  in  pi  pare  line  eyn- 
feheala.  This  prooeee  has  another  interesting  feature  in  that  it  le  a 
general  reaction  whloh  nay  bo  applied  to  the  aynthesie  of  oarbon-sub- 
etltuted  pipe  ratines  ehleh  formerly  wore  dlfflonlt  to  prepare  or  sere 
not  a reliable  by  other  synthetic  routes.  This  feature  is  dleouseed  in 

Inasmuch  as  the  starting  material  for  the  synthesis  of  plperatine 
le  K-(  3 -hydroxyethyl ) ethono  dlaailne, 

m,ch2oh2-bh2 

QgttuaQB 

the  starting  naterlale  for  the  synthesis  of  substituted  piperaslnee 
in  general  are  substituted  l-(p -hydroxyethyl)  ethono  diamines  i 

} - 9 - 

A series  of  these  substituted  amino-aloohola  is  a 
ethane  dianine  itself  through  alkylation  with  ethane  o 


grass  par  Z.S  grama  of  tha  oxide— -K-(  p -hydroxyethyl ) atheno  diamine 


ethyl)  ethane  diamine  eaa  obtained t 

UHgChgCHgNHg  + * Cflg-CSg  — 


» HOCH2CH2BHCH2CH2IIH2 

,K'-totra-kla-(  p -hydroxy- 


HOOH2CH2  Ca2CH2OM 

HOCH2CH2  **  * xOBjCH2OB 


Sherlln,  Berlin  and  aabinoTitoh  also  hare  prepared  the  latter  oospound 
by  this  method  (126). 

MaoDoaell  (91)  haa  prepared  l.l'»bls*(B  -hydr oxye t hyl ) ethara 
diamine  by  treating  a methanol  eolation  of  anhydroua  ethane  diamine 


Ki^CHgCHjKKj  + 2 CHg-CHg  . HOOU2CH2KHOU2OB2liHCH2CH2SH2 

Theae  reaotlona  ropraaant  the  total  extant  of  the  lnTeatlgotlon 


atigatto 


by  hydrogen 


CHj = K-CHjCH  OHj^fOOCHjJCHjCll],  CHjCOHHCH201I 


CHjCO-NHCHjCHjKHj 


a of  the  easa  of  hydrolyole  of 
p proteoting  ono  of  tho  amino 
Ihuo  Amundian  and  Longley  (7) 


H2NCUzCH2iai2  HjlCHjCHjHli-COCHg  /SOj-HHCHjCHjHH-CI 

- /S02-I|U012CH2BH2 

In  o ilnllar  manner  Hooro,  Boyle  and  Thorn  (90)  ueed  tho  oi 


1 to  obtain  mono-eubetltutod  derivative!.  Car b ethoxy  ethane  dl 
ireparod  by  treating  with  ethyl  ahloroaarbonata  an  aoldlflod  ac 
of  othono  diamine,  the  pH  being  adjuatod  to  the  neutral  point 


h3sch2ch2kh2  cico2c2Hg  h3bch2ch2hh-cooc2h6 

Bo  vet,  da  Leetrango  and  Pournoau  (IB)  ahlla  lnvettlgating  o< 
pounda  of  antlopaanodlo  notion  prepared  a eerie!  of  HHeono-aryl 
ethane  diaminee. 


rbethoxypipar 


Zb  is  evident  from  the  work  of  Enorr  and  Brownaden,  who  pea- 
pared  tho  aimpleat  masiber  of  Cho  aorioo  of  ooaipounda  aynthealaod 
In  Chi  a phaao  of  thla  lnveatigation,  and  from  part  B,  "hi  oh  rolataa 
to  tho  analogoua  reaction  aaing  piporaaino,  that  optimal  yields  arc 


plporaalno  roaotlona.  Ethane  diamine  la  a liquid  of  boiling  point 
118.6°,  aharaaa  piporaaino  ia  a solid  of  a>.  p.  108-8°  and  b.  p. 
145-6°.  Thorafora  athene  diamine  readily  oan  bo  rooyolod. 

Ethane  diamine  haa  four  amino  hydrogen  atoms,  ehilo  piporaaino 


r 


HOOHjO^  j 

, CilgCHjCa  K-CHjOHj-B 

*'B  EOCHjCHj  B 


HOCHjCHj,  ^CHgCHgQH 

H2CH2  CH2CH2OH 


of  the  multiplicity  of  produo 


practical  In  tha 


Reaetlona  aara  oarriad  out  with  tha  oxldaa  of  propane,  2-methyl- 


propona-1  (isobutylene),  and  phanylethene  (atyranaj.  Tha  athana  diamine 
uaad  waa  tha  aquaaua  Carbide  and  Carbon  produot  with  an  athana  diamine 
content  of  60  to  70J4,  whloh  waa  purlflad  by  dlatlllatlon.  hathanol 


to  catalyse  tha  raaotlon. 

Tha  raaotlon  nlxturaa  ware  aapa rated  by  fraotlonal  dlatlllatlon. 


5.  -Hydroxypropyl)  Ethane  Dlanlna 

dlanlna  (6.46  moles)  dlaaolvod  In  2 1.  of  methanol  and  oontalned  In 
a 6-litar,  3-nooked  flaak  fitted  with  a reflux  oondenaer.  Tha  tam- 
parature  waa  kept  at  40-80°  by  a water  bath. 

After  tha  methanol  waa  dlatllled  off  aoma  white  oryatalllna 
•olid  aaparatad  from  tha  Tlaoaua  yellow  liquid.  Thla  had  a malting 
point  of  120-126°  and  malted  at  140.8-142.6°  after  reoryetalllaatlen 


athana  dlamlna 


by  diatlllatlo 


red  etheno  diamine 


Ml  1.58  Min,  determined  by  titration.  the  yield  of  I-(^  -hydroxy- 

284  grams  (2.4  molee).  • yield  of  41*. 

Propone  Oxide  roooblon  Ho.  2. —270  grams  (4.66  noloo)  of  propone 
oxide  no  added  slowly  with  stirring  to  2680  grams  of  hydrated  ethane 
diamine  (69.6*,  29.7  moles)  »t  » temperature  of  40-80°.  the  ethane 
diamine  wet  ramoTed  by  fraotlonal  distillation.  496  grama  (4.2  moles) 

Charsoterlsatlon  of  H-(.6  -hydroxypropyl)  ethane  diamine.— the 
thiourea,  the  piorete  end  the  dlhydroohlorlde  were  prepared  for  oher- 

the  thiourea.  »-(?  -hydroxypropyl)-I.»'-bie-(H-phenyl  thiooarbamyl) 
ethane  diamine, 

r 

OHj^OUz-B-O-HH/ 

(from  aloohol)  had  a melting  point  of  149.8-160.0°  (oorr.) 

Pioreto,  m.  p.  191. Or  192, 6o (oorr.) 

Dihydroehloride,  m.  p.  164.7-166.0  (oorr.) 

Analysis  (grarim  stria  as  AgCl). 

Chlorine.  37.18*  37.09* 


Phyaloal  stato:  oator-iihlto,  ■ lightly  viaooua  liquid  with  a mild 

EBplrloal  Formula  t 0gBM820 

Structural  Formula  I GH3-CH-CH2-BH-CH2CH2-KH2 


Uoleoular  Haight:  118.28 

Bolling  Point:  84°/S  am.  (oorr.)i  112°/l0  ano.  (oorr.) 


Bitrogan:  23.64)4  28.88)4 


Sumnary  of  Doriratlvea  of  *-(fi  -Hydroxypropyl)  Bthono  Di amino. 
Phony Ithiouron : m.  p.  148.8-160.0°  (oorr.) 

Whydroohlorida,  a.  p.  184.7-186.0°  (oorr.) 


1By  titration  with  atondnrd  0.1  noraal  alkali,  uaing  bromphonol 


•If  -Hydroxy-^?  -me  thyl  propyl ) 


2-Kethylpropene-l  Oxide  Heaotlon.— • The  moot  Ion  wan  oarried  out 
In  > S Li,  3-neoked  flask  provided  with  a thermometer  wall,  raflux 
oondanaar  and  addition  tuba.  2718  gnuna  of  70*  sthono  diamine  (31.7 
moles)  was  heated  to  70°,  and  566  grams  (6  moles)  of  2-msthylpropsne-l 
oxldo  (Isobutylene  oxide)  slowly  was  added,  with  oonstant  shaking  of 
the  flask,  the  addition  was  at  such  a rate  that  the  temperature  re- 
mained in  the  range  70°  to  80°.  The  ethone  diamine  was  removed  by 
distillation,  in  the  main  at  atmoapherlo  pressure  and  finally  under 

oollooted  at  b.  p.  10S.7°/iO  ■.  and  b.  p.  91.5%  * yield  of  87*. 

by  the  procedures  deserlbed  elsewhere  (pp.  58  and  39).  The  phenyl 
thiourea,  prepared  by  the  usual  prooedure,  was  a glassy  yellow  solid 
which  could  not  be  obtained  in  crystalline  state. 

Analysis  of  dlhydroohlorldo  (gravimetrlo  as  AgCl): 

Chlorine:  34.62*  34.67* 

Pi orate:  a.  p.  198.5-200.6°  (deo.)  (oorr.) 


Dihydroohlor 


(oorr.) 


oportloo  of  I-(^J  -hydroxy-^  -not  hylpropyl ) Kth« 


point  of  mothano 


oipituto  out 


•high  solidified 


Summary  of  properties  of  K-t3  -Hydroxy-;' -phsnylsthyl)  Bthene 


Qspiriool  Formula i C10H16»jO 
Structural  Fonsulai 


Of 


Boiling  Points  1B4.60/10  “•  (oorr.) 

6.  S-(^-ilydroxyethyl)  Kthone  Diamine 
the  simplest  stosiber  of  this  series  of  axilno-eloohols,  V-(p  -hy- 
e(  has  been  synthesised  previously  (76). 


droxyothyl)  ethene  diamine 


oially  (Carbide 


in  the  manufacture  of  polyetheno  polyamlnee.  Nevertheleaa,  it  hat  not 
bean  noil  oharaoterlaad.  Therefore  ita  propertiea  are  deaerlbed  here. 

Charaoteriaation.— The  plorate  and  dlhydroohlorlde  acre  prepared 
aooordlng  to  the  unial  proeedure  (pp.  58  and  59).  The  phenyl  thiourea, 

oould  not  be  oryatalliaed. 


Dlhydroohlorido.  a.  p.  114.8-116.2°  (oorr.) 
Chloroplatlnatei  deo.  249°  (Ut.  (76)). 


Summary  of  Propertiea  of  *-(5  -iiydroxyethyl ) Ethane  Di amine. 
Physical  Statei  light  yellow,  hygroaoopio  liquid  of  medium  viaooelty, 
with  a mildly  ammoniaoal  odor  (23). 

Empirioal  formula i C^H^gXgO 

Structural  formula  i HOCH2CH2-liH-OH2CH2-)iH2 


Holeoular  Weight. 
Bolling  Point. 

Deneity. 

BefraetlTo  Indea. 


104.18 

2S8-240°/762  mm.  (Ut.  (76)). 
118.5°/6.2  mm.i  125°/lO  aw>.  (• 
d2g  = 1.0280-1.0530  (lit.  (23)) 


r.)  («P.) 


“D  = 


I reaction  requiring  on*  r 


diamine  la  exproaaed  graphically  from  thle  data  (Figure  II).  Tha 

paoted  from  any  given  molar  ratio  of  athona  dlamlna  to  alkeno  oxida 
"hi oh  one  may  uoo.  Thue,  a 95*  yield  may  be  expeoted  If  one  uaaa 


of  dlamlna  "hi oh  la  required  theoretloally,  tha  yield  of  mono-alkylated 


PKKPAJUTIOli  Of  i-l.fi  -HTOhOIIALIIL)  BTHK1E  DlAklhKS 


«-(  p -HYDSOXIiLCfL)  BTB£NK  DXAUXHES 


EFFECT  OF  EXCESS 


DIAMINE  IN  THE  ItEACTION  OF 


propertle 


-hydroxy- 


It  la  intereetlng  to  oompare  the 


alkyl  ethane  dlaadnee 
The  boiling  pointa  of 


oxldea  of  ethane,  propane  and  2-methyl propane  are  given  In  Table  XX. 


BOILING  POUTS  OP  SOKE  (-SUBSTITUTED 
ETUEHE  DIAUNKS  AND  PIPERAZINES 


Subatituent  Polling  Polnt/lO  mm, , Bolling  Polnt/lO  an.. 

Group  N-Subatltuted  Ethane  N-Subatltuted 


HOCH2CH2- 

«S 

9Hj 

HOC-OHj- 

CHj 


The  nono-alkylation  of  ethane  dlaailne  by  raaotlon  with  alkane 


terlaad  more  oonpletely  than  it  la  daaorlbad  In  the  literature. 


plperaelne  alkylatla 


C-Substltuted 


1.  Summary  of  Pretlous  Syntheses  of  C-Substituted  Piperasines. 


para  tin  a from  -hydroxyethyl) 


known  1-  (s  -hydroxyalkyl ) 


aynthaal a of  piporaalna  ibaelf.  Tha  raaotlona  ara  sunaarlsedi 


1.  Alkylation  of  an  aryl  sulfonamide  with  1,2-dihalo  oompounds,  and 
hydrolysis  of  tha  1,4-dlaryl  sulfonyl  piparailnas  obtained. — This  rsao- 
tlon,  the  method  of  Marksald  (p.  9),  was  utilised  by  ha  oh  and  karkeald 
(SO)  for  tha  synthesis  of  2-siathylplparaslna.  p-Toluene  sulfonamide 

flrede,  Brush  and  Kell  (145)  found  the  method  unsatisfactory  beoauae  of 
when  using  bsnsene  sulfonamide  first  with  propane 


sulfonamide  with  ethane  dibromido,  than  treating  tha  intermediate 
/3Oz«(lia)-CH2CH2-H(l<a)s02/  with  propana  dibromide. 

2.  Roduotlon  of  a 3,6-dlkoto  piperaaino. — Tha  3,6-diketoplpera- 
alnaa  ara  aral labia  aa  tha  eyolio  anhydrldoa  or  laotlma  of  tha  amlno- 
aolda.  Juat  aa  glyolna  anhydride  yields  plporaaina  (of.  p.  10).  vari- 
ous other  amlno-aold  anhydrldoa  or  nix ad  anhydrldoa  yield  aubatltuted 
piperaxlnoa.  Thua.  2-ewthylplperaslno,  2-laopropylplparaalna,  2-iao- 
butylplparasina,  trane-2,5-dlmethylpipomaine,  2.5-dl-laobutylplparaalno. 

2. 5- di-(p-hydroxyphenylmethyl )-pi  paraalna,  2-lsopropyl-6-bansylpipera- 
ilna,  2-pro pyl-5-benxyl piperazine  and  2-iaopropyl-5-iaobutylplparaalna 
have  bean  prepared  by  tha  roduotlon  of  tha  anhydrides,  reapeotlvely, 
of  glyoylalanina  (2,  146),  glysylnllne  (146),  lauoylglyolns  (1),  ala- 
nine (69J,  louolne  (42),  tyroalne  (3),  dl-valyl-dl-phanylalanlna,  dl- 
norvalyl-dl-phanylalanina,  and  dl-leuoylvullne  (144).  Roduotlon  has 
been  affaotad  by  ohaadoal  naans,  using  aodium  and  aloohol,  by  Cohn  (42), 
by  Hoyor  (69)  and  by  Abderhaldan  and  oo-workara  (1,  2,  3)  i while  ffrede 
and  oo-workara  (144,  146)  have  found  eleotrolytlo  roduotlon  effeotiYO. 

and  aloohol,  2-mothylpiperaalne  (162),  2,6-dlnethylplperaslno  (153), 

2. 6- dlmathylpl paraalna  (111),  2,6-dl-laopropylplpsraalna  (43),  2,3,6- 
trlmethylplperaaine  (136),  2,6-dlnethyl-8-othylplparaalna  (134),  and 

2.5.6.6- totramethylplperazine,iave  boon  ayntheslaad  from  tha  correspond- 
ing pyraalnoa.  Many  of  tha  pyraainaa  ware  obtained  by  Btoehr  (132,  133, 


(Ill)  need  glyea 


Una  (73).  Catalytio  raduotlon  «T 
plporaalne  (61,  68). 

Upping  (78)  praparad  four  of 
2,3,5,6-tetraaothylplperaainoa  by 
antigen,  and  tin  with  hydroohlorlo 


2,5-dlnathylpyraaine  ylaldod 
Cal  yialdad  trana-2,S-dlr:othyl- 


lTa  thaoratloally  poaalbla 


aa  wall  aa  oatalytlo  raduotlon 
yialdad  a dlffarant  ooa>blnatlon 


6.  Raduotlon  of  a dl hydro pyrailna. — A dlhydropyraslne,  obtained  by 

aatlon  of  two  nolaoulaa  of  an  ^-amino-ketone,  raadlly  nay  ba  raduoed 
to  tha  oorraapondlng  piparaalna.  Braunaflllar  (16,  68)  obtained  2-meth- 
yl-3-propylpiperasine  by  oondanalng  hexanedione-2,5  with  othana  dlamlna 
and  treating  tha  product  with  a odium  and  aloohol.  Similarly,  Qabrlel 
(66)  raduoad  tha  2,6-dlhydropyraiina  obtained  by  traatnant  of  Z-amlno- 
2-nethyl-butanono-3  with  alkali,  obtaining  tha  piparaalna,  8,2, 3,5, 6, 6- 
hexamethylpl  paraclna . 


6.  Roduotlve  oyollaatlon  of  an  ^-iaonltroeo-ketane.— Under  raduo- 


tlon oondltlona,  two  nolaoulaa  of  an  -<-iBonitroeo-ketone  alkylate  aaoh 
other  to  form  a piparaalna.  Oodohot  and  houaaeron  (61,  68)  hydrogan- 


lyat,  and  obtained  a 70*  yield 


,6-dlnathylplparaal 


othyl  ethyl 


methylplperailnoa 


7.  deductive  oyoliiation  of  ^ -hydroxy-eald  amidol. — According  to 
Oeda  (106)  the  oetelytlo  hydrogenation  of  the  amidol  of  -4-hydroxy- 
aolde  brlnge  about  alkylation  boteoon  two  wolaoulea  with  formation  of 

a plporailne.  Thue  laotomlde,  lauolnamlde,  and  phenyl-laotamide  yield- 
ed, reapeotlwely,  2,6-dinethylplperaalne,  2,6-dl-laobutylpiporaslne, 
and  2,6-dlphenylplperaclne. 

8,  Hydrolyele  of  an  afVyS  -dlaaetamldo  oonpound.— When  one  of  the 

tertiary  oarbon  atom,  the  aaln  produot  obtained  upon  removal  of  the 
aoetyl  group!  by  hydrolyele  la  a plporailne.  Thue  Kelhlen  and  oo- 
workere  (UT)  obtained  2,2,6,6-totramethyl  plporailne  by  boiling 
-dlaootauLldo- pi  -mothylpropane  with  oono.  hydroohlorlo  aoid. 
Similarly  -diaootamido-/J  -phenylpropane  yielded  2,6-diphonyl- 
2,6-dlmethylplperailne,  The  dlaaetamldo-  lnteraedlatoe  were  derived 
frcm  the  oorroapondlng  *f-aoetomldo  nltrlloa  by  the  Adame  reduotlon, 
ualng  aoetlo  anhydride  medium. 


Head  (47)  of  -{-emlnoiiobutyreldoxlmo  hydroohlorldo  to  yield  2-methyl- 
propeno  diamine  (liobutylene  diamine)  and  2,2,8,6-tetramethylplpera- 
ilne.  The  intermediate  wee  prepared  from  2-mothylpropenoj 


and  tho  roduotlon  woo  onrrled  out  with  sodium  amalgam-aaetlo  weld. 

8.  Catalytic  oyolo-dohydratlon  of  amlno-aleahol ■ . — Tho  aynthoolo 
by  Bain  and  Pollard  (10)  of  trano-2,6-dlmathylplperaslno  by  oyolo- 
dohydratlon  of  2-hydroxypropylamlno  over  oopper-ohromlum  oxide  oat- 
alyat  roproaonto  tho  noaroat  approaoh  of  known  aothoda  Bar  tho  oyn- 
thaala  of  C-oubatitutad  plporaslnoa  to  tho  oxporlnantal  work  of  tha 
present  Investigation.  Tha  yield  waa  18Jti 

Hjc'”2  'cHOBj  coo.  Ej/'VcH, 

CHgCB  OH.  l-ii'  ™ CB  CH. 

'“V'  5 2 


2.  Synthesis  of  2-ilethylpiperaslne 


It  readily  nay  be  aeon  from  examination  of  tha  methoda  Hated 


aynthoala  of  C-subatltutad  plporaslnoa.  Tho  roduotlon  of  pyraslnoa 
gives  good  yields  In  soma  oases,  but  the  pyraslnea  themselves  are  not 
readily  available.  On  the  other  hand,  plporaslnoa  whioh  may  bo  derived 


from  H-hydroxyalkyl  alkane  dlsmlnea  by  the  method  desorlbad  hero  way 
prove  to  be  an  Improved  soureo  of  oertain  substituted  pyraslnos,  after 
methoda  of  dehydrogenation  of  plporaslnoa  have  been  developed. 

Satisfactory  yields  also  have  boon  obtained  by  olootrolytlo 
reduotlon  of  8,6-dlketopiperaslnea.  Bowover,  the  dlketopl pores lnea 


In  varying  yields  fremi  £ -emino-aoldai  these  are.  In  ganeral,  expensive. 
Bowover,  2-methylplperasino  now  has  been  prepared  in  a yield  of 


TO. 2* — based  upon  unrocoTorod  starting  material— from  •-(^-hydroxy- 
propyl)  othono  diamine.  The  method  followed  wae  that  outlined  for  the 
eyntheeie  of  plperaaine  lteelf  (pert  A).  The  preparation  of  the  start- 
ing  material  wae  desoribed  in  part  C. 

Zt  la  lntereetlng  to  oompare  the  ylelde  of  2-mothylplparaslne 
obtained  by  various  mothoda.  Those  are  listed  in  Table  XU. 


METHODS  OP  STHTHISSIS  OP  2-WSTETLPIPEKALIHE 


Sodium-Alcohol  deduction  of  (not 

2 -hethyl  pipe  ratine gieen) 

CHsOs02*(»»)0ag^(»)80jO0Hs  (not 

plus  HrCHgCHgBr,  than  Hydrolysis given) 

(/S02K(Ka)CU2)2  * Br0h2CH(0H5)8r,  then 
Hydrolysis;  or  /s02H(Na)CH,CHH(»a)S02/  Low 

CH,  yield. 

+ BrCHjCHjBr,  then  Hydrolysie lunsatisf 

Sodlum-Aloohol  deduction  of  Olyoylalanine 
Anhydride,  2-tlathyl-3,6-dlketoplperaslne. . 26)1 

Sleotrolytlo  Heduotlon  of 

2-Uethyl-8,5-dlketopiperaslne ........ 

Bing  Closure  of  B-(2-Hydroxypropyl)  Hth 


*w 

TO.TJt 


E,oh  %rok”w 


■rode.  Brush 
Kail  (1*8) 

Abderhalden  and 
Sohwab  (2) 


It  nay  be  noted  that  the  maximum  yield  of  2-methylplperaslno  obtained 
by  any  prooees  used  previously  wae  45;4.  This  was  obtained  by  eleo- 


(146)  using  laud 


yield  of  piperas 


the  unsubstituted  member  of  the  eerlee,  wee  about  fifty- too  per  oent 
(Table  I).  The  yield  of  2-BMthylplporaslne  ehioh  oan  be  obtained 
under  alailar  oonditiona  Beams  to  be  considerably  higher,  about  sst- 

sure  of  the  plperaslno  ring,  one  should  oapooielly  note  the  ring 
olosures  disoussed  in  par.  6,  p.  T4.  These  sees)  to  be  exanplos  of 
spontaneous  ring  olosures  of  1,2-dismlnes  containing  tho  gsB-dlmethyl 
grouping. 


the  bls-phenyl  thiourea.  deorystalUsed  frost  bsnssne-absolute  aloohol, 
the  Belting  point  ns  189.0-188.8°(oorr.).  Tho  properties  of  8-methyl- 


Proportlos  of  2-Uethylpiperasine. 

Physloal  Stats  t ehite  orystalline  solid,  with  a pi peraslno-like  odor. 
Empirioal  formula,  Qftfy 


holeoular  Height  i 100.17 

Melting  Points  62°  (80) 

Boiling  Point!  1S1°A88.1  ESI.  (60) 


166-155.80/768  SB. 


(oorr,)  (1*8) 


SYNTHESIS  OP  2-NETHTLPIPEHAZ  IKE  fkCU 
*-{p  -HYDftaXYPHOPYL ) ETHSNE  DIAMINE 


Height  of  Oetelyst 

Weight  of  N-((3  -Hydroxy- 
propyl)  Ethane  Diamine 


i Copper-Chromium  Oxide  i Emney  llokel 


8YSXHE8IS  OF  2-MEriHLPIPEEAZIBE 


ivered  Starting  Material, 


laid  at  2 -Methyl  pi  pare. 


OF  8-KBimPIPSfiAZIHB 


Chloroplutinato 


Di hydro Ohio rid® 
Dibonioyl  darlv. 
Di-p-Toluenosulfonyl 


Dl phonyluroa 
Diphenylthiou 


(1*«> 

•235°(145) 

(1«) 

UK) 

(14») 

(#0) 


Synthesis 


-Phenyl pipe 


The  hitherto  unknown  2-phenylpiporaslns  woo  proparod  from  R- (ft  -hy- 
droxy-/? -phsnylethyl)  sthona  diamine  by  th#  ring-olosuro  roaotlon  whioh 
has  boon  doaorlbod  and  whioh  was  appllod  bo  tho  oynthoais  of  piporaslno 
and  2-methylplperasino.  The  proparabion  of  bhs  starting  material  has 
been  deeorlbed  (p.  64). 

106  grama  (0.62  mole)  of  h-(^  -hydroxy-,3  -phsnylethyl)  ebhono 

Haney  niokel  oabalyab  In  the  outoolaTo  for  three  and  one -half  hours, 
ab  a temperature  of  220°.  After  filtration  from  the  oatalyat  the  re- 
aotlon  mixture  was  fractionally  dietillod.  first  at  atmoephorio  pros- 

2-phanylplperaslne.  b.  p.  124-146°/l°  mm.,  was  oollootod,  a yield  of 
82*.  The  yellow  oil,  nj°=  1.6768,  soUdlflod  In  tho  loo-box  to  a solid 
whioh  was  mushy  at  room  temperature. 

The  experiment  was  repeated  with  66  grams  (0.88  mole)  of  amlno- 
aloohol  in  800  ml.  of  dloxane,  using  10  grams  of  Raney  niokel.  The 
roaotlon  was  oarrlad  out  at  220°  for  four  hours.  The  22  grams  of  oruds 
produot,  b.  p.  128-15H°/lO  ran.,  was  a yield  of  S6je. 

82  grams  of  tho  oombined  yields  was  purified  by  rodlstlllatlon, 
yielding  40  grams  of  b.  p.  182-143°/l0  mm.,  the  main  portion  of  whioh 
distilled  at  138s/lO  ms.  Rsoryatalllsatlon  from  hexane  yielded  20 
grams  of  yollowlsh-whito  solid,  m.  p.  66-70°.  After  two  more  reorys- 


ftddlng  bloohol 


Two  aubatltutod  piper 


■ pared  by  the  rlng-ola 


sure  motion  doaoribod  in  part  A,  indicating  tha  generality  of  tha 
roaotion.  2-Phenylplporasina  aaa  aynthoaiaod  and  oharaotorlaod. 
2-Mathylplperaalne  naa  praparadi  and  tha  prooaaa  under  dlaouaaion 
ia  o on par ad  nith  the  nathoda  whioh  hare  been  uaad  previously  for 
the  aynthoaia  of  2-enethyl pi peraxl ne . A aurray  la  given  of  the  re- 
otiona  a hi  oh  have  bean  utlXiaod  for  aynthoalaing  oarbon-eubatltuted 
piporatinaa. 


of  organic  compound!.  The  measurements  con  bo  mode  qulokly  and  willy. 


liquid 


port!  In  1000.  iboao  constitute  additional 


El lonlohr  (8).  Those  values,  given  In  Tnblo  Wll  >i  liotod  by  Oilman 
(60),  aro  for  rofraotiro  measurement!  made  with  the  0 Una  of  sodium. 

Loronti  (89)  and  Lorens  (80), 


In  mhi eb  n,  8,  and  d are  the  refractive  index,  molecular  molght,  and 
density,  rospsotlTsly,  of  the  compound  shioh  has  molsoular  refraction  R. 


sith  a Spenoer  Abbe  dofrao- 


sylight 


°S°8  I 


5 f -■ 

3!  s!  I. 

p If  is 

H H si  is 

Ag  AS  Ai  As 
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